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Ercpezdnsmtal norlc, as described in the first quarterly report on 
this contract, to determine the offsets of high (113°?) and 
low (-?0oF) temperature storage effects upon standard RK cell 
-ctructur©3 was continued* .^.-=---_---—_-^^^^-;i^.^_-——- - 

A study to determine the basic physical chosiistry of the KOH-ZnO 
ifeO electrolyte systcn wis contimiad,. Physical oennhsnts end 
specific conductance ?ere studied ever e range of torparatures 
end compositions. Tho equilibrium values,for saturation of ZnO 
in KOH solutions at rccr,i tamparature rare dstcr^ined and the 
values so obtained rore cos-parad to those in available literature. 
Tho optirrum and usable ranges of eloctrolyta composition for low 
temperature (~55°C) operation (based upon these studios) ware 
deterarlnod. Tfethods of ch&r.icel analysis of eloctrolyto components 
ore presented. Initial data choiring the effect of tha SnO content 
of the electrolyte upon gassing characteristic« of amalgamated 
sine «ncdes is presented« 

Continued Trork vith the:-6'.odif:Lcd Baring cell for maasurament of 
polarisation characteristics of tho electrodes in the RM electro» 
chemical system is presented. Further necessary design changes 
aye discussed. P.osulta to date indicate that- this latest design 
may be acceptable for polarisation waasurerrents, but i?.ore nork 
«ill be required to datornino its validity. 

Further to'Sfe» involving substitution of powdered iretals for 
graphite in -t-b*? '.r.-:;?5uric: cride depolarizer -nero discontinued» 
Results of preliminary exploratory tests cf oihar possible 
depolari^ine "agents for an alkaline coll are proseutad. 
-•....•-       '.      * '.':..H,',...,.",.'..- .._••".••'• • *..-    • " ':..• 

Results cf '"work;'ccridueted "to determine;the low taspertiturs discharge 
characteristics of standard'Wstructures are given:    lof? temperature 
perforaanca olth standard con-jsroroisl electrolyte fcrn.\-.lao is 

-coäparad to the perferrastneo with the option electrolyte- competitions 
for lovj teirperatura use developed during the last quarter. 
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Tha basic problem and contractual, requirements for this 
investigation to improvethe low temperature characteristics 
of the RM olectro»eheraical system ware presented in the first 
quarterly report. In order to determine the lew tenporature 
possibilities and limitations ^of the RM oleotro-chemlcal system 
it was"necessary first to determine the factors that affect 
low temperature performance. A study of these factors was 
resolved into certain basic lines of epproach. These wore: 

1. a study of the basic physical chev^ stry of the electrolyte 
system involving determination of physical constants, conductance 
measurements, and determination of electrode polarisation 
characteristics 

2. a atucy of possible means of improvement of the «node and 
cathode (depolarizer) 

3- e:cporI rental rcork to determine the effects of high and 
low temparature storage characteristics of present call structures 

4» ezporiinantal work to determine low temperature discharge 
characteristics of present cell structures 

5. development of nss or improved structures suited for low 
isTp-srature operation. 
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II   TEXT 

Investigation of the bost high and lov/ temperature performance 
of the RJ5 eloctrc»chsEical system. 

A. Espsriwsntel jwork _to_.«stermin3_the effects of_high_.anä  
low tawpbrätüfa storage upon the standard EM cell structure. 

1. To3ta sore initiated. during th-2 first quarter to 
dwterr'uiü tho effücts of lev* temperature, about -?0°P (~6Q°Q)7 - 
storage upon standard H&.  cell structures of both pressed pc??dor 
and foil ancdo type. Since the end of the first thr.ee month 
storage period was quite close to tho time at which this report 
was written, results of.these 3 months storage toste will be 
pre rented in tho following quarter's report. 

2 = Similar tests were initiated during this quarter 
involving 113°F storago of standard ?J* cell structures of both 
pressed powder anode and foil anode typo, 

3. Electrolyte Study - Basic Physical chcmistry of the 
Electrolyte-Systsp. 

1. Detc-ra.lr.ation of the physical constants of the KOE- 
ZnO-Hop system. 

I 

The thermal constitution diagram for the &$äteia KO:?» 
H20 (*rith no ZnO pressnt) \ja3 established during tho first quarter. 
During this quarter the effect of addition of ZnO to the K03- 
HgO system was determined by n>eans of a similar series of ceasureirants 
employing solutions containing -fixed increasing inci-eironts of 
sine oxide, namely 2%r i&> 6%,  and $% by weight. The resulting 
thermal-constitution" diagrams are given respectively in Figures 
I, II, III ana iv TV •-« BiiJJÖ need« 

Tha outoctie compoTJiticn in the ebssnee of sine oxide 
Is 31.5* (by weight) of XOH. When ZnO is added, the eutectic 
composition In tho range studied :L3 303 (by weight) of KÖH. All 
percentages of KOH in this investigation are erprn?sa<? on an 
anhydrous basis. At "55CC, the losest temperature range specifiod 
for cell operation in this study, the ranges of composition 
over which the electrolyte regains liquid (negleeting super cooling 
phenomena) are as followa: 

CSS ZnO — «a.*«h £•>• t5°xj;- KOH 
2 n «* — — äF.«31»5 ti 

/ n _ a3 ii* ~o   .r 1! 

6 ?! «^ «._. 27-32 • II 

8 n ~~ — 25 5 n 

-•-'. 

.-'-v 

•ratre 3 

;: ~-"^z~*"***££* 'v*'"7 ;"^rrr5^" 
I •• I 
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At the extrsaiec in ZnO content, namely 05 and Ö*, 
the spread in permisoeblo variation of KOH content is greatest, 
A range of 23-31.5$ KOH remains liquid at ~55°C throughout the 
compositions studied. 

All solutions were prepared by dissolving the ZuO in 
"^fefy hot, concentrated ""^olirfcicno of KOH in the desired ratio sad..•_--. 
then diluting to the desired composition. During the preparation 
of the above series of solutions it was observed that there was 
a lower l+«it of KOH concentration. The limiting valus increased 
vith increasing ZnO eenfcent. For this reason, the constitution 
diagrams progressively became ir.ore restricted below the eutectic. 
A-study was therefor« instigated to determine experimentally 
the saturation values for ZnO in KOH at rocia ter«peisttture* 

The saturation values for ccr.wercial ZnO (Reagent grade- 
Merck & Cor) in various compositions of KOH -arere determined in 
the following manner« One hundred gras eawples of various KOH 
contents ^are prepared in stnall Erlenaeyer flasks and cooled to 
rooa temperature. A lerge excess of ZnO was added and the flasks 
were tightly stoppered. The solutions were agitated periodically 
and the resulting liquid phases were analyzed after a four hour 
or t~enty»fcur hour, and after a ono week period. 

The analyses of the various solutions after one seek 
Tjaro generally close duplicates of the earlier analyses indicating 
that an equilibrium had been,established. These results, representing 
saturation values for eoBSsereial ZnO in SOH at room temperature 
(25°C). are given in Table I appended. 

A survey of the literature indicated that considerable 
previous cork had been done, to .establish.the. equilibrium or 
saturation vaiuas for zinc..oxide end sine hydroxide in potsssiua 
and aodiuw-hydroxide solutions up to three rnolar concentrations 
of tho alkali. The solubility of zinc hydro-vide in potassiua 

" hydroxide is expressed in equation form by J. JSoir (Ref. Treatise 
cm .Inorganic gnd Theorgfcjcgl Chemistry by Kellor - Vol. VI ??.  523); 
additional data is presented icj 0. Klein (Ref. - ibid - p. 527, aod 

iF.ef, Zeit.. Anerg. Che«.. Vol. 74 pp. 157-169 (1912)). Their data 
is expressed upon a r-joler basis* fair's equation is as follows: 

y " .00&.X(79*»&). 

A * mOlea/liter KOH y * soles/liter ZnO 

1 
* 

A 

-g^s^s 

These^hvestigations stated 'that three distinct solubility curves 
for sine hr eroxide t?ere obtained • a most soluble and least stable 

r^^s^r.CäJ-^: ^"i:^fe^^§i^fe--'^^^^S?*".''^a s sta^ö and i&ast soluble 
fcrra (S). ".£. •';;--:" ' • '-'.- " ..,••--        ---.'- 

«IjgU&A«:-- ,„i-»iOj®* 
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Work by ivfaller and associates (Rof. Zoit. Bloctro-ChsB. 
Vol. 33, pp. 134-W+ (1927)), identified the forms A, B, ead C 
respectively as ZnCOH)^, ZnO.-^O and ZnO» 

A study was therefore conducted to detormine ths 
solubility of Zn(0R)2 in KOH solutions. The first p^thod was to 
"introduce zinc into solution ©lectrc^cheaieally by anodic atteekr 
A group of fire solutions with graded KOH concentrations were 
placed in 50ml. beakers. Sheot sine enodee and pressed cylinders 
of RgO~C cathodes were oiBployed as electrodes. A dopolariaing 
cathode »as employed to preclude deposition of zinc upon the 
cathode. Tho five cells v*)re connected in series with a six volt 
rectifier and wore discharged under an impressed D.O. current of 
•§ ampere for three consecutive eight hour runs until a copious 
•white precipitate- formed — presumably ZnO. Electrodes •sera 
replaced several tiHiC3 during tho test. The solutions ^ers then 
analysed for KOI! and ZnO. Results of this invsstigaticn aro 
presented in Table II appended, which chows that the solubility 
of ZnO increases with increase in KOH concentration» 

i 
•I 
i 

I 

Lir ' ' 

t 

The second T.»othod involved precipitation of sine 
hydroxide from a sine chloride solution by addition of potassiua 
hydroxide« ?ha precipitate -«as filtorsd end washed thorouglily 
with oiotilled water: it was then added in excise to solutions 
of varying KOH concentrations and rcixod periodically for 24 hours* 
The resulting solutions ~ara then analysed for KOR and ZnO. Results 
froffi these tests ET-O given" in Table III appended. 

Values obtained during these latter investigations 
correspond closely to the values reported by 0. "Klein., for the 

• B form solubility curve. Figures • obtained e^fpöriireatelly. f«r 
Saturation .values of commercial sine oxide correspond.closely 
to tho8s reported by Klein for the stabl« form C. A comparison 
of values obtained experimentally and those previously reported by 
Klein is given in -igure VI appended. Noting that ""the lower 
limit of the liquid range obtained on solution R&kfrfup f02 freezing 
point determinations agreed -.roll with Koir's equation, it -30.3 
decided to use this aquation to express the equilibrium of form A. 

A -si-s^csry solubility äiagrssa for the KOH-ZcO^HjQ. system 
including isothersial freosing point curves* and experimentally 
detsrainsd room temperature oiiryea for 2LIö is presented in Figure- 
VII appended. It can readily be seen frön this figure that-tho 
"liquid" Tccn&srto?"operation at *55°C is quite"restric'teeTlseiag- 
bounded by the isothermal freesing curves and the utable (C) forsv 
Rn^«^4T_T-f\r Q-iyxrQ  «•[: inooi^i terTrooraturc  — 2t'ft^i: ?•&*&>"%  this data- t*^e 
cptircur.! KOH concentrations ranges fron W.~£oJ;*5%  at tho lciw?r ._ 
and 0 "to. 5»S$> at ths higher I'-OH coneontrationo 
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2.   Conductance rcoeaurattanta upon the olaotrolyte oyatoa 
KOK-ZnO-IIaO. 

Variation of conductance with temperature and with 
composition in the syotea K0H»H20 (with no ZnQ present) wso 
established during: lAe first quarter. _A conductivity.osl! with__  
a ooll constant of 0,93 was oapioyed for theco »»sasursjnoats« 
During this quarto? the effect of addition of ZnO to the KOlMJgQ 
syotora waa determined by tnaans of a aifflilar series of rcaasurasents 
employing aolutiona containing fixed increasing Ineramnts of 
.sine-oxide, nastely 2%, 4$, and 8^ by woight.    Graphs of conductance 
valuea vs. ccrposition end vs. tarnparatora ere glean in Fiiniroa 
VIII, XX, X, and XI appended. 

r: 
! 

-t 

lr- 

A racheck of the conductivity data froa thoss varicue 
solution« -sao tr-ada at temperatures cf -30°G or lower,, oisploylng a 
conductivity coll with a cell oonotant of 0.1175. Thaso taore 
accurate valuaa for the specific conductivity of electrolyte 
ootr-positione containing 0, 2, 4, and $$ by weight sine oxide ere 
givan respectively in Figures XII, XITI, 2IV, and XV. A eunsnation 
of reeults of conductance Rsasuraaienis of ucabla electrolyte 
compositione at temperatarar cf -»ÄO^j —J0°C, and «55°C is presented 
respectively -In Figures XVI? XVII, and XVIII appended.^ 

To illustrate the rcarkad effect of variation of electrolyte 
cospepitic-n end tejüneräture uron conductivity the following conclusions 
or genaralisaiisfis iis?s dreien frosi the conductivity woasurossant datat 

a. The following, rates of increase of conductivity 
with temperature increase raro ca-loulated as average valuac cvar 
the ranga of ejieetrclyte compositions studied. 

a 
I 

+i0°io+20° 
-20*to-lC° 
-30°to-4O° 

^7£/l°C 

b. T«a cptir:-.- concentration, that with narifras! 
conductivity, varies with the tssporatura range. 

£ä3Ss£2 
-2Ööto 0° 
_ ..iL £ß-.üJ.... 

k'arireu» Conductivity, Valnq 
*   "" " 35% KOK 

-22&.K0H, 
-20 to~5D° "HS near liquicua line an the low aid» of tl*e eutoctic 

cöPp6sition~äs pboaible (Hof. Figures VIIZ, IX.  X, 
and XI appealed)» conductivity in the usable (Xiquiü) 
r&nge iii beat gt thla .Hquiv5pa line,' biet sufficient 
variation of composition ray occur xn elactrolyto 
ranufeoti'jro to produce G solutios -shich frcsaea xf 
ona c-ploys a ceäposition coiTaaponding to vaii?oa 
on thir liquicus Xina, Tliaraf^ro. •-highor KCHi 
-censantratiotiü an h«ar to thia •73;.r.a as an? ello-tjsed by 

I 
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practical condidorations are considered 
optimum values upon„this basis of 
selection. 

c. Tho conductivity decreases with increasing zinc 
oxide content. Per ezawnle,at -50°C, an addition of 2$ by «eight 
ZnO-to a KOK-Th^Ojsolution decreases- cenduct-ivity-by 24%- of- the- - 
initial value. An addition of l& ZnO deei-ea303 the conductivity 
by l£& and en addition of 855 ZnO decreases the initial value by 60$. 

d. Fron the standpoint of conductivity, the optiimm 
electrolyte «exposition for oparation at -55°C is 29-30? KOH with" 
the minimum ZnO conte.it compatnble with good storage characteristics. 

In the work on effect of addition agents upon electrolyte 
conductivity in the KM system conducted lest year (Ref. P. R. ft&llcry 
& Co., investigatione titled Meteorological Battery). it •ess concluded 
that none of the large number of addition agents tested significantly 
improved cell conductivity. The most promising one tested at that 
tirne ^ae potassium iodide« A reckesk of the effects of KI addition 
was Keels upon an electrolyte containing 29.9J? by weight of KOH and 
0% ZnO, Results of this chock arc givsa in Table IV appended. The 
addition of potasaitoi iodide generally tended to decrease conductance,. 

j. Chcaical Analysis of siectrolyte (Methode) 

a..... 

Analyses for potassium hydroxide and potassium carbonate 
in a systerrärfeh no zinc oxide present wore conducted hy  standard 
wetheds (Ref. §c6tVj9 Standard Ifethods^of Chocical Analysis Vol. 21 
pp. 2255-2257). "ith sine oside present in the electrolyte tho 
potassium hyüro.'cidc content -«as determined by direct titration to 
the phenoiphthalcin ondpolnt with standard hydrochloric acid. 
Potassiuri carbonate content could not bo determined by tha direct 
titration method «hen ZnO rass present so this value -was estimated 
frcs tho" K2CO3 conic-n.t determined by direct titration on tha KOK 
source ewployed 5 a solution *.f*kcrüp» Zinc oxide content «as determined 
ty means of a £•: 
pp. 10M-1065.) 

aide titration procedure. iHsf. * ibid, Vol. I 

Results obtained by iaeaao of the above pethods of analysis 
«ore copusred to those obtained by direct electrosetric titration 
of tho z^:.o  non-ZnC-B2p solution. A Beelxan Kodol tf, P_ß Ektsr ,=: 
(ilatioiiEl Technical Laboratories, South. Pasadena California) -sras 

"crT^löycd~2Ti~thiä ölG"ötr"o~«£rGtric""titration." ~Tho"titration curve;.,"-;:;__•,-~ 
30 obtained in prassntrd in Figure ¥.17. appended. As con bo Gcon 
fr~- tho follr.rdn.«» firures tho data -sss rronoraliy in pood agreement. 
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Colormotric Endpoiirt 
Chemical Analyses', Oirept Electro-ffiatr;lo Tfltratfon 

ism  __.      40.1 ~ Asa 
*2nD       7,9A 7.66* 

*Jfot«: This value was calculated from the ondpoint pH(3.0) «bore 
the last visible traces of ZnO rcdissolyed in the hydrochlorio acid 
jQinployod Inltitxatingc .Z—.1 

4. Effect of Zinc Oxide Content of tho Electrolyte upon 
the Gassing Characteristics cf Araalgamatod Zinc Anodoc 

Since the woz-k ur.on conductivity of electrolyte indicated 
that tha optimum electrolyt© conpcsltion for oell operation ct -*55°Q 
would contain the minimum ZnC content commensurate with good storage 
characteristics, a test ?;as initiated to determine the effeota of ZnO 
content of the electrolyte upon gassing characteristics of amalgamated 
sine anodes. In those teste, zinc samples trere immersed in electrolyte 
and the gas t?as collected in calibrated centrifuge tubes. A 55°C 
storage temperature was used for those investigations. The effects of 
0%, i%,  and £>%• ZnO in a solution of 30£ KOH (eutoctic) -were ccrr-pared over 
a four week period. Sheet sine about »015 inches thick with 2 square 
inches of surface •nrea was used: amalgamation was 10iS "by weight and was 
effected by a solution containing l& FgCCN)^, 10%  KOH. Testa were 
conducted in triplicate, -—• 

Results of those tests are given in figure XX appendad. 
Those data clearly shew that some ZnO «33 necessary to suppress gassing 
but that no groatly significant difference betonen 1% and 6% ZnO -was 
Gvidsnt in the four week period. A further set of similar teats is 
now in progress comparing 0.5/S, 1%, 2$,  sad 6% 2n0 contents, 

"5". Polarisation measurerents in the B" Eloctrc«'Cn.<3naieal System, 

^r^o^xsc-nr «.jet»-_r 

A.proposed modified Haring cell design for measurement of 
electrode polarisation in the RM oloctro»eheiaical system was presented 
in our first quarterly report, Tho coll design, vrhieh osployed 
removable reference electrodes that are inserted into the electrode 
system only during the time of actual measurement, was judged to offer 
possibilities for euch ipeaeures-enta. Further work wa3 conducted 
during this quarter bo determine the validity of this structure0 

Initial v?erk was conducted at room temperature using standard 
electrolyte consisting cf 75 grams KOH. 10 grama SnO> and 100 grass 
water. After a for* tests it became evident that improved end electrode 
contact vx.3 mandatory if" consistent, useful "results ^rere to be Obtained, 
Ml .•> .-,_ J.'....  ..11  „...l _•?„.! _..*.„ ^, -.•>.. ~z ,_.».3 J.— «riJ>—.« — ___<x_ i—a._ 

which the posder electrode component -could be consolidated so giving a 
more substantial duplication of commercial cell structure. This 
redesign of cell on:3, plates i:: sbosrs in Figure ZXDL appended. 
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Tests were conducted at roon temperature using pressed 
powder electrode components in this redesigned structure. Reasonable 
but not exact duplication of rooulto wan obtained during these tests0 
Current densities of 100 avid 150 milliamperes per square inch wore 
employed (calculated on epparont or cross sectional surface area). 
Cathode polarization data from these testa is given ia Figure XXIII 
appended^ anode polarization data from these tests io given in Figure __— _ 
XXW appended. Aheso results öhöw that undor these conditions-of eiectrolyte- 
eompoaition, current density, and temperature, cathode polarization is 
wore significant than anode polarisation, both initially-and throughout 
a 24 hour discharge period„ 

Room temperature variation within the range 23«29°C was 
found substantially to influence iwasuromonta. An increase in temperature 
doereased polarisation values end solution IR drop (VG-G) by a noticeable   
amount. Therefore for accurate measurement a controlled temperature 
bath is necessary. Neglecting effects of temperature variation, a 
steady Inci-ease in IE drop $G-G) was noted during those tests. This 
affect could ha ascribed to the increase in ZnO content of the electrolyte 
content resulting from anode solution during the discharge period9 
Increase in ZuO content during three runs at a 20 railliarcporo drain 
rate on this cell for 21 to 24. hour discharge periodsaro tabulated below: 
Initial     Coir-position At  Composition At   Composition At 
Composition  End of 21 Hour .._ End of 24 Hour   End of 24 How 

Run _      Run       _ 75-10-100 

—StfQE-. 34.35* 
5&n0  5.4 % 

33.653 
8.05/5 

33.0"Ü 

Rua 

33.2 j§ 
3.32* 

h 
Those changes in solution composition very likaly affected the polarization 
data as well as the solution conductivity and could have oven grcstsr 
significance if duplicated during lo-s temperature ororation. 

A sorie-3 of similar tests «ay started at 0°C using a current 
density of 100 milliamperes square inch and tno same electrolyte, A 
pressed powSor anode component etill gave reasonable duplication of 
results but attempts tö"employ tr"sheet (disc) anode component consolidated 
•into the -sell in tho anode end plate did net givo eatiefsatory duplication 
of results. Tho ancdo contact using r.hoet sine *?as too erratic, and e 
further dsrign change to accoEtmodste this type of electrode van nocassaiy. 
It »23 also noted that cathode polarisation rosulto were core variable 
at this teaporaturs. This ray have boon due to the considerable vtriaticn 
in grain size of the production 5$ graphite (regranulatad) dcpolariser 
mix employsa in the tests so far. 

X furt'!'Ser"~rs'döBi:gn'öf the Baring cell structure was- therefore- - 
iss.de. In this na- dosign eithsr pressed po*aaor or  sheet (dine) electrode 
ca~pcn*ssts can be 'iced eltornstel1* a? d<?5ii*(*d at either end of tho coll 
without altering the internal dimensions of tho structure, ^ho cell 
diameter sas increased to 0.75 in, from the original 0,50 in. value and 
tho -Internal- Incite sleeves orploycd in the earlior design vero discardedc 
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This eliminated a possible source of error which ^ras inherent in the 
original design intended for use with fixed (screen grid) reference 
electrodes and •which sas not necessary or desirable with the present 
system of removable reference electrodes. This latest design._of tho 
polarization cell is shown in Figure XX7 appended» 

GENERAL CELL DIK5HST0HS _ --_- 

incl reference .Distance bot-jrcen reference electrodes 
electrode to cell electrode  .7« 0o75 in0 

Overall distance between anode and depolarizer  2.25 in. 
Cell diameter ............;... 77^.-.v..;.... ,,r........,". 0.75 in, 
Cro33 sectional area of cöli .... 0.442 so. in. 

~.- — ---VoluiT'O of eleo trolyto. about 20 tpl. 

A series of duplicating teats sas conducted at 0°C using 
standard electrolyte (75 grame KOH, 10 grains ZnO, 100 öl water) and a 
current density of 4.5*3 Frilli&BvpGrös square inch (a 20 trillieirspere 
drain rate for this redesigned cell). Sheet disc sine anodes previously 
amalgamated, with dilute Hg(CH)2 solution T^ere employed in these tests* 
Depolarizer components r?ere pressed from a 5%  0 ragranuiated ndx which 
had been saparated by sseans o? standard sieves to a size passing a 60 
ittS'ih screen. Cooling **as effected by means of an agitated dry ice= 
distilled water bath in a Dawar flask. (Kote: The conductivity of this 
dry inc * water bath was of relatively insignificant magnitude compared 
to that of the electrolyte at the sase temperature. After one treck*s 
use it was about l/30O0th of the conductivity of the electrolyte)e 

Results of cathode polarization >rieafn.ira^.Qnts. on four duplicating 
runs ?-ra presented in Table V arpended. Results of anode polarization 
taeasursfents are given in Table VI appended« Aaodo polarization values 
are generally in good pgreemont. Some variation in results on duplicating 
runs is experienced but isean and average....values are generally quits closo 
and the raxinun variation frGn> mean values is small. Cathode polarization 
values are nroro erratic and less in agreement than ancdo polarization 
values, but considering the possible variations ^hich Bay occur in the 
pressed pcreder cathode the data is reasonably in good agreement. A graph 
of this polarization data frss duplicating- sKrasiireir.ents at 0°C is given 
in figure XXVI appended. As can be seen from thi3 graph, cathode and 
anode polarisation are generally of the sane order of magnitude nith 
this solution composition, current density, and tGaperature <, 

___J? * Investigation of j^applar^ze.r. Je.prover.isnt. „  

1. Variation of particlo si-io of ccnatituentOj^^ , - 

SoiTrO tests to deterüdno the effect of particlo siae of 
graphite and mercuric -eside.. upon rate of migration and cell operation 

';•>•:     JragQ 12 
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^ere planned and a tost \apon "Dag" ultra fine graphite (product of Acheson 
Colloids Corp., Port Huron, Michigan), was initiated« This subject is 
now being invectf.s-.tsd undo:- government contract, (Rof. P. R. tfallory & 
Co., Inc. investigations entitled General Improvement of the RM Primär? 
Cell), and further work in.the.immediate future is planned under this 
.-contraet. .with, respect,to effect .upon cathode_Pplarization»_      

2. Substitutes - pondered metals for graphite in HgO depolariser. 

Results of some preliminary teats involving petered iron and 
nickel- in place of graphite -sere reported during the first quarter* Since 
these modifications do not improve depolarizer conductivity, since 
relatively large amounts (compared to graphite) ere necGasary to obtain 
reasonable cell operation, and since mechanical strength, coherence-of  
depolarizer, and chipping characteristics were poor, further -sork along 
theswlines• has-been- discontinued for the presenta 

3. Itopclarisers other than mercuric oxide, 

--A list of inorganic compounds which night conceivably be 
employed as depolarising agents in the alkaline coll systems TSS presented 
in the first quarterly report. Preliminary exploratory tests of a very 
United scope were conducted upon a number of these proposed materiajoo 

Mercuric iodide:  cupric iodide, and bismuth tri iodide cere 
tented as depolarizing agents in Ire structures, the first mixed ^ith 
S3 graphite and the others "with 20%  graphite. Inorganic asbestos type 
barriers r-rcre employed. Efficiency upon discharge vras generally poor 
and discharge voltages were lens. There were indications of dopolariser 
daccapcslticHs upon storage and iodine compounds (identified by qualitative 
eheßioai analysis) forrsed on anode top and cell top. -hese results of . 
United exploratory tests indicate that these iodides are not particularly 
suitable at: depolarisers in the standard RM structureo 

Cupric oulfide and Rrsenons salfice were tested in 1R 
structures in misfts containing 20? graphite; lead sulfide and nercuric 
siilfido ??are tesxad in the same manner in raises esipicying $%  graphite <> 
Discharge charaeterisites, voltege and efficiency of utilization, sera 
generally poor, -rhere wore tendencies for 3®6oasposition and gassing 
during storage and sulfide compounds (identified oy qualitative•chemical 
analysis) formed on the anode and cell-tops -These results indicate-that "^ 
these sulfides are not trail "suited for uso.es depolarisers in the standard 

8BI-B&r«ft'fctSft6ü'~'--r-~; '-SZ^^'—:—r^*-^—*±*' .::.-.:-!.. .: —rrryr.••!--:• •-:.••-- -;—•— ,-- - 
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Silver permanganate «. sized with 101? graphite -was tested - = 
as the dopoleriser~ih 1R structures. Seme cells wero constructed without 
barriers; in others a very thin dip coating of paraffin trao employed to 
coat the d&poiariser as "recommended by the; Ruben .I-abcratory0 ..Initial 
cpm circuit voltages cf l»9-»2»0ftore obtained bat values decreased to 
1.8 in jß  hours.,... .All .cells swelled badly in 24 hours j this swelling 
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accoaipanieö- rsark&d expansion o?"the SepöIJ^Täer.'b^ipor'esyfc.    S>om aolatim 
of tha depolarizer occurred resulting in a blus^gresa colored solution 

.   (probablydu» to l&A^Ion),    Anodes srsr« generally blackened aad corroded» 
Perforisaiiea-during discharge was* poorv~~~^hese-oxpl oratory-teats indicated 
that silver parpiar-gaEato »a* not «ail suited for \zm in the standard HM 
_3trjgttigEe   ~7 ~~ , ""  ,_ ,         ..-.-.—r-- 

Silver oxide-s  «i;xd -«i-th 3$ graphite,, .pas- jrrrästigcvttid «i? 
ir>.-'cfic IE ^trro^ire; L'pe ol « -f,Vf? p'lTsC.f  nc?n;&rs ,'00 depolisu- 

quick fji:rlur">- on cip.ev.ir53 -ffceting and "decocpo--iiti^i;. of ths Ovd.de dr.rir.3; 

porf ürnu-uv-o of thsi.._atr: 
?,,    RffliBoyaX oT ths. barrier .>Vv:rkedIy iaspro^aa fl»:. 
rtvrc on d?.2c'iT,r£o testing,    use oi'"iäprgs 

tärpcs-Jr-b*i>5p:-,ers j.ave r&aulte on digeh^r^ä *?9-ieh- wer$-" fteB^rariy- 
e to rosultff "•.Tifchcuf. bafrisrä*    P3£uXfc'sl&I" JUajtifil disuiiargo 
IK structure!; REISS -without ber?»l«^pi <xv? gSröug it *'i;:*\jrra X^J rpj 

Efficiency- of*-c&tnoac , ^llisstion DJ\'OO113 nöni?«uit?g & Inrgo ~xn»sr.; of 
sine iKisAf .TO plot!:.'::-; a^r-finst- c;;Torna.l lo^c fari*-"-; risehorge.;   • (HoF.iilt,: 
reproeeru  fevoraga-^sl^e«' for-.-six cells iVv c.r.nb :io-,.-..,   

SSil-srer o::ido is the. oaly prospective d::;x>la-risör- iO Ja; 
inve.ibi>-/£-ted Trhitrh se-^s worthy of t«;jy furt&gr atvdy„    It.  hossver« 
.•sann ^ sfc-sa aisäcvan.t'.-ig^s negaassi ro-iuu;-.ve COST; .fi/iii 
cosp:t:.'öd tc 3KJ.rcurde. c.xidc — namely, s-ppor-jirt losor officiency tsdsr  
the 3r;jr,c üischerge conditions  (on u. IF: oail disci's« through 65 oh«i"*» 
6?$'':effi:;43j£dy~'ior «ig^T.vs. :.$Q$Ltar %£% a-lotr-or jsvcsgdd dsn^itj. üfcöer 
eqylTalcr/c prcasuren, -and comparatives, instability (r^ov-iring u^o of sor5 
Stfiblo b&rrior mstsrv^a*}, •• ~n?£kgf.-. «?.••>+.-! .-sn J 'h- *£*•  asr saary tc 
obtain c valid a'ppreissl of its applicability t? tin alkaline c^ll .systOTS» 

&-vrfJGiarsa^. 

-.  lb ija« bcoB ar/cicipatea tbat any_oell design ouifcabla for icu ? 
tw^pesatare operation, should possssa the Kasäsaö go&äiblo eiectreda 
ara& par ffi£i.-fc volü3«2 a?.d... the clojje.Tt practical ^setredo cjpaoirg„    :Ifce. 
ovbntval'CES Oi" cns r.f ;-.':>s ?oHo^r.g ?trpctur@s...i^. :"thfu^i'ore7"ispli'edi-- 
ä cc*ac«nlric-:,lly ^eund •••;cructurs,  sat :uvter^cven fft'iöS struetur«.   or 0, 
paraMoi ntiadte struct-iro.    Prior ;bo initiating' -scri-c y;ith tlvsäe dondgas.^ 
30tn6 ftcrU »«;•..-•; cohduetc^ äixrin^: thir; ^v:;j.rter tc i;^;?o:'3 tiie parfor..V:rco 
•at 3.ov tettprM-pjteiBf s€ ^teridard R«.r c^ll jrtHtsetäBi'BBa aantaining s-iaT;dird 
elec-irolyto ffirr*rl.tiCr  nnd the elect•- oiyte forrulce ••ihazea curing tjii-^r 

:psriod i;ror» tt-^ bä-33E..5pf. ccmdH.otivÄty-'!&^ •Pref.?.ä"ii? pr.-ist Tr»e3i>rs?p9hjs 

"  -f':-'- '!:''..-XL- ft-r'for"andc öf:-.dtandörd füffi-A .gtraotarQ -';t lo»'teKOoratursa"."/.. 

'•-, • *.'-'..'" •&iand?rd^Yc^*4:j2el3:5'r^,«re continuously discharged throi'eij.SO 
ohfe» loads, at-.»22£?cy. ;-40^Cr -«nd:.^~.fI^^:^:'fba5a"^co^^x•':!ap»• «pecifidS:.as ' :. 

•corHJ{dRir^,ölactÄ^^'dtf ^^ ""*"• ^' 
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at or halo« the standard 0.9 v. cut off value. 

2. Performance of 1R cell structures at low temperature, 

Three different electrolyte foripulao wer© conparod at lew 
temperature's in a 8iiidlar~niihnerdischarging"cOTtlEaöusly through 65~ 
ohBC loads at -20°, -40°, end »55°C. The electrolyte compositions 
employed were (1) standard 75-10-100 (34.5* K0H, 5 At ZnO), 0») 57' 
3.3-100 (29.72 KDH. 5% 2a0), (3) S4--U6-IOG (29.7£-K0H, 2*-Zn0)-4- * The 
two latter foraula© represent--a near eutectic KGII concentration witn, 
respectively, the near wödroSS amount of ZnO soluble at roon terperature 
as "stable for» C - (Ref. Figure VII) end a low concentration which may 
be sufficient to give acceptable storage characteristics. The discharge 
curvo3-80 obtained are given in Figure XXVIII appended. The curves 
fcr-opsn circuit voltage vs. teaperature using a General Electric 
voltaiotcr with en internal resistance of 15,000 ohao (5,000 ohass/voltj 
aro given in Figure XXIX appended, *hese results clearly indicate 
•that in this structure the eutectic KOH concentration performs better 
at low temperatures than the standard production electrolyte formula; 
they also Show that low temperature performance improves sojt»»hat with 
decreasing SnO content« With this structure the performance at low 
teaperature is vory poor and the differences between various electrolyte 
fortr-jlae arc cornnaretively small«          

disc ty? 
3. __Ho. A  Gel electrolyte h 
•3  anode. 

>ton coll structure with perforated 

These calls were tOnatruetod ereploying 2 sneea discs of .020 
in. thick zinc, amalgamated with KgCCH)?, KOH eolation. The theoretical 
rated capacity based ur>on «node weight is &pproj-:in»*ßj.y >.«. aspsrs 
hours. Gel alectx-olybos were made with 5 grass of C?S3 (Carbosysethyl 
cellulose) per iOOcc of electrolyte and T?ora vacuum impregnated inoo tho 
etraeture to assure complete filling. Two electrolyte formulae were 
compared, (1) 75-10-100 and ^0^100 *3°£ K0H> °* Z"°'i    Tbeso cells 
were compared on dischai'ge through a 30 ohg.3 losd at temperaturcs of 
-203C, -40°C, and *55°C,~ The discharge curves eo ebtaicad are given 
in Figure XXX aspenc-od. Psrforaano3 -.ias generally poor but was distinctly 
better «ith the* 5^Qrl£2 than *ith the 75-10-lOQ- composition, Pcrcentagos 
of shade »tiliaation calculated to a C-,9 v. cut off value vrere as follows: 

Temperature 

-£0ÖC 

Electrolyte 
75-30-lQg.. 

,0%- 
0% 
0% 
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Electrolyte 
•5&-O300 

0.7$ 
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4.   No. 4 Gel elctrolyte button cell with convoluted anode. 

These cells were constructed with anodes made of 0.150 inÄ 
0.006 in. zinc.  A corrugated strip with 1/16 in. deep corrugations was 
spirally wound inside a flat strip to form the anode.  These anodes were 
amalgamated with dilute Hg(CN)«, KOH solution.   The theoretical rated 
capacity based upon anode weight is approximately 2,25 ampere hours.  
Gel electrolytes were made with 5 grams of CMC per 100 ea. of electrolyte. 
A'75-16-100 formula was compared to a 54-0-100 formula by discharge 
continuously through 30 ohms at temperatures of -20°Cm -40°C, -55°C. 
The discharge curves so obtained are given in Figure XXXI appended. 
Performance was poor but was generally better than with the perforated 
disc anode.   Performance with the 54-0-100 electrolyte formula was 
distinctly better than with the 75-10-100 composition.  Percentages of 
anode utilisation calculated to a 0.9 v. cut off value were as follows: 

Temperature 
-20°C 
-40°C 
-55°C 

Electrolyte 
75-10-100 

9.4% 
0% 
0% 

Electrolyte 
54-0-100 

24.5% 
6.15% 

^      0% 

i 

5.   RMA 5/8 in. diameter (cylindrical) cell structure - gel 
electrolyte. 

•%• . 

Standard penlight cells employing 100-16-100 electrolyte and 
5/100 C.M.C. were compared to cells employing 54-0-100 electrolyte and 
2.5/106 C.M.C. (the minimum amount forming a reasonably rigid gel) by 
continuous discharge at -2 0°C, -40°C, and -55°C through a 30 ohms load. 
The discharge curves so obtained are given in Figure XXXII appended. 
Performance was poor in general.  The less rigid 54-0-100 electrolyte 
out-performed the standard 100-16-100 composition.   Percentages of anode 
utilization calculated to a 0.9 v. cut off value were as follows: 

Electrolyte- Electrolyte 
Temperature    100-16-100 5/100 CMC  54-0-100 2.5/100 CMC 

-20°C 2.4% 13.9% 
-40°C 
-55°C 

6% 
0% 

3.25% 
0% 

Results with these various standard RM cell structures 
clearly indicate that there is extremely little possibility that any 
variations of these structures could fulfill the contractual requirements 

HI PLANS FOR FUTURE WORK 

The tests to determine the effects of low temperature 
high tetfStpfiriSureÄt^K) I&rige upon «Ädard| Mallory 
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cells will bV'cMi&fggä-as schedules! -Siring the first quarter.   Similar 
tests involving Mallory radial criffp structures will be conducted, if 
deotsed worthwhile, when enough samples of tbeeo newer structures are 
available.  ' :._.-.::..' --"•-•;-..:  •.::-;•-.;-   '.:. 

 1S^ff3"^tno~ijseMs-^ectrolyfce~-c^^ - 
operation (*65?F) has been established during this last quarter, it is 
next planned to conduct a polarization study to observe the effects of 
tepperafaira variation, variation of electrolyte content within the 

t workable, xmgp  and "variation of operating current density at the respective 
electrodes. Whnn tfiis data ie available it will be possible toselect 
the optltas» eieetroiyfce composition in the RH syateai for low temperature 
(-65°?) operation. It will also be possible to determine the electrode 
current densities workable at low temperatures and the respective 
electrode livnitiiig current den3iti.es.. This information will have a 
vary important "r>=aring-upon the eventual low temperature cell structure 
and design* 

Evaluation of the effect of ZnO content of the•'electrolyte upon  f 
gassing eharaciaristic:* of amalgamated sine anodes will.continue«     

Studies may subsequently be conducted to discover addition agents 
to improve electrolyte conductivity *"•"• Einiuiiae electrode polarization 
offecto without äiyo-rsGl?- affecting the haeic physical eheaistry of the  -;- 
electrolyte system, ""•---.".' 

Investigation of depolarizer impvovs.aent will be continued. Effect 
of variation in granule eise and particle ßizs of ingredients upon 
•polarisation characteristics will be investigated, 

A study is now in progress to find now or improved ways to prepare 
and to handle tha electrode materials in thin sections. Investigations 
of methods for bonding dspolariser in thin, flexible sections and investigations 
to determine the bsst wetbeda for increasing the-true jan£_£pparent ureas      
of sine ähedo materials till bo conducted. 

A satisfactory» inert (probably inorganic) barrier and a suitable 
electrolyte absorbent sust be found, 

Thsse iovesti get ions m.11 lend the-solvo's to incorporation in all 
previously mentioned r^v cell structures and ?jiil be instrumental in . 
determining the eventual structure and design for a low temperature cell« 

fs . P. R. MALLOIII &. C0_., ISC. 

APPP.ÖVEB: By     /> v^» V^ l[1&*ÄS* 
T. 0. O'Kani Section leader 
"Batttry^Reseisrcn   "" " 
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TABLE I 

SATURATION (EQUILIBRIUM) VALUES FOB 
CO?fi,EROLAL ZuO IN POTASSIUM HYDROXIDE 

._ Analyses 

eSSaXsttial   *«•••J  v-'/ 

Analyses             Analy B3S 

• 

Jtosinal Aftar i LI^u Aftar 24 K?c0    After 7 Pays 
Cripin^l KOH Cc;^ £KQH &5a0 gKOg #Zn0   JÖtOH Ms2 . Spec. Gr„ 

5* 5.1 0.23 *•• 5.2 0.22 1.042 
10$ 10.0 0.S8 O -     10.4 O.SO 1.093 
15% t» e» 15.3 1.61 15.7 1.57 1.160 
2C# 20.0 2„97 o •      20.2 2.69 1.225 
25* 25.2 3.91 it» -     25.3 3.S6 1.296 
30* e o 29.7 5.33 29.9 5.17 1.368 
35$ C3 t- 34.3 6.76 34.2 6.66 1.441 %o% o «=s 40.4 8.87 39.3 8.S0 •1.555 
45$ •» ii 44.3 11.73 Uo0 llo42 1.666 
50$ «M " 46.8 14.53 47.3 14.48 10747 
505? «a *~* 47.4 14U.S7 47.6 34.30 1.762 

TABLE II 

SATURATION (EQUILIBRIUM) VALUES FOR 
SIHC OXIDE IB POTASSIUM HIDR0KIES 

(ftaQ ISTR0DÜCSD BY ASODXC SOLUTION) 

r 

i. 
3" 

1 

a 
55 

i 

Noaiaal 

"20 
*"*• ->^ 

40 
50 

ll52£J Oravlty 

1.123 
1.177 
1.239 

,251 
J..337 
1« 
1 

&_K0H 
f \     r- - 
Ö..O 

10.1 
13c2 
14.4 
25,7 

£_?n0 

0.95 
1,24 
2.65 
2.57 
7.23 
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SATURATION (EQ&ILiBRIuaJVALüES FOR 
ZIflB HYDROXIDE IK FGTASSltM KSBROXIBE 

(PESOIPITATEP AW WASIISÖ SnfOaU USED 18 THE TEST) 
•   a           ••  .rlii •      •  • "     nr   -     ip  m mm 

NoTsinal 
Original, 

10 
20 
30 
AC 
50 

Sp«o. Gravity 3 KOH % ZhO 

lo0l*4 6.7 0.45 
1.173    - 13.9 1.97 
1.356 26,5 7.13 
lo?6l 35.6 12.57 
1.734   — 41.0 16.74 

ygypgrgtt.u'ro" Pu. 

TABUS.. I?     .; 

EFFECT 01? ADBITIQS. 0? B0H&SSXU3 iEOI>lES 
l'P0:J COrSXJGTASCS OF KOI:-EpO E32SCTEOLTTS 

-Qc^ci-c.yiyitv In Rgcj.crbapl P;ian 

«40° .051 .0613 ,0S70 
«45° .Ci25 .0405 .Ci20 #0/,00 
.500 .C30O .02tv0 .0260 ,0250 

.C20G c»». ,0l£O ,0160 
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